Abstract. The current study investigated the impact of eyestalk ablation on androgenic gland activity in the freshwater crab Travancoriana schirnerae Bott, 1969 (Decapoda: Gecarcinucidae). Bilateral eyestalk ablation during active phase (March-June) induced hypertrophy and hyperplasia of the gland as evidenced by increased width of the gland, thickness of the connective tissue layer, increase in cell and nuclear diameter with predominance of type I cells. This hypertrophy and hyperplasia was not followed by secretory activity during active phase which possibly suggests the non-functional nature of hypertrophy and hyperplasia. Unilateral destalkation during active phase neither caused hypertrophy nor hyperplasia of the gland cells probably because these crabs may still receive the inhibitory principle from the remaining intact eyestalk causing the gland to remain analogous to that of the unablated controls. The androgenic gland of control crabs during revival phase (JanuaryFebruary) was discerned with a few patches of proliferated type I cells scattered among vacuoles and degenerating cells. The most prominent feature of the gland of bilaterally ablated crabs during revival phase was the extensive proliferation of type I cells. Not much significant change was observed in the morphology and histology of the gland of unilaterally ablated crabs of revival phase.
Introduction
In male crustaceans, the endocrine and gametogenic functions are clearly separated into distinct organs: the androgenic gland (AG) and the testis, respectively (Ginsburger-Vogel and Charniaux-Cotton, 1982; Charniaux-Cotton and Payen, 1988) . The androgenic gland regulates male differentiation, inhibits female differentiation and controls primary and secondary sexual characteristics (Adiyodi and Adiyodi, 1970; CharniauxCotton and Payen, 1985; Katakura, 1989; Sagi et al., 1997; Fingerman, 1997) . Touir (1977a Touir ( , 1977b and Juchault and Legrand (1978) revealed that the AG played an important role in androgenesis and expression of external male characteristics.
Numerous studies have investigated the histological, ultrastructural and functional aspects of AG in malacostracans Padmanabhan and Raghavan Braz. J. Biol. Sci., 2016, v. 3, no. 5, p. 121-134. (Thampy and John, 1972; Katakura, 1984; Fowler and Leonard, 1999; Sun et al., 2000; Erkan et al., 2010) . Very few studies are available on structural aspects of the AG in freshwater crabs. Joshi and Khanna (1987) recorded the variation in size, structure and activity of AG in relation to the male reproductive cycle of the freshwater crab Potamon koolooense. Devi and Smija (2014) described the seasonal changes in the structure and secretory activity of AG in Travancoriana schirnerae.
The AG secretes a hormone called the androgenic gland hormone (AGH) which regulates sex determination in crustaceans. Adiyodi and Adiyodi (1970) and Fingerman (1997) reported that AGH controls the differentiation of male genital apparatus and secondary sexual characteristics. The secretion of AGH from the AG is regulated by the gonad inhibiting hormone (GIH) released from the X-organ sinus gland (XO-SG) complex of the eyestalks. Unlike females, the action of GIH appears to be indirect in males via a direct effect on the AG (Adiyodi, 1984; Gupta et al., 1989; Hasegawa et al., 1993) . Studies on the role of eyestalk hormones on testicular and AG activity in the Australian red claw crayfish Cherax quadricarinatus revealed that the sinus gland controls the activity of the AG suggesting an endocrine axis-like relationship between the sinus gland, AG and the male reproductive system in decapods (Khalaila et al., 2002) .
Literature is plenty regarding the effect of eyestalk ablation on the activity of AG of marine decapods. Demeusy (1960) investigated the role of eyestalks in the differentiation of genital organs in the shore crab Carcinus maenas. The impact of eyestalk ablation on AG activity in the protandric shrimp Pandalus platyceros was reported by Hoffman (1968) and Foulks and Hoffman (1974) . In immature crabs Callinectes sapidus and Rhithropanopeus harrisii and adult penaeid Parapenaeopsis hardwickii, Payen et al. (1971) and Kulkarni et al. (1984) observed the effects of bilateral destalkation on AG activity. Choy (1987) noticed activation of the AG in eyestalk ablated penaeid Penaeus canaliculatus. In mature males of the swimmer crab Portunus pelagicus bilateral eyestalk ablation produced hypertrophy of the AG (Sroyraya et al., 2010) . Chung et al. (2011) confirmed the presence of a possible endocrine axis between the eyestalk ganglia and the AG in adult C. sapidus. Quantitative analysis of the AG in destalked Litopenaeus vannamei during moult stages was reported by Vázquez-Islas et al. (2015) .
Few studies have investigated the impact of eyestalk ablation on AG activity in freshwater decapods, in particular crabs. Eyestalk ablation experiments in Paratelphusa hydrodromous evidenced increased size and histological changes in the AG (Adiyodi, 1984) . Sarojini and Gyananath (1985) recorded the seasonal variations and the role of neurosecretory hormones on AG of the prawn Macrobrachium lamerrii. Taketomi et al. (1997) reported highly active AG in the eyestalk ablated shrimp Neocaridina denticulata. Kim et al. (2002) observed the effects of eyestalk ablation on protein synthesis of AG and gonad development in reproductive and non-reproductive adult males of M. nipponense. Phoungpetchara et al. (2011) and Revathi et al. (2013) observed hypertrophied AG in bilaterally destalked M. rosenbergii. The present attempt has been made to evaluate the impact of unilateral and bilateral eyestalk ablation during active and revival phases of the AG in the freshwater crab T. schirnerae.
Materials and methods
Eyestalk ablation was performed during the revival and active phases of the gland. Adult intermoult male crabs of carapace width 4.0-5.0 cm were collected from the paddy fields of Ondayangadi, about 5 km northeast of Mananthavady (11.82° N and 76.02° E, altitude 767 m) in Wayanad district of Kerala, India. The experimental study commenced after acclimatization of crabs to laboratory conditions for four days. Thirty crabs were randomly divided into three groups of 10 each. Group I comprised of unilaterally eyestalk ablated (-E1) crabs; Group II comprised of bilaterally eyestalk ablated (-E2) crabs and Group III had unablated, eyestalk intact crabs which served as controls. The right eyestalks of Groups I and II were carefully ablated from the base using sterile surgical scissors and cauterized immediately with a hot and blunt needle to prevent excessive loss of haemolymph. To minimize the shock of ablation, the left eyestalks of Group II crabs were ablated a day later. The crabs were fed ad libitum with boiled egg and pulses and maintained separately in plastic troughs throughout the experimental period.
On 15th day, both control and experimental crabs were sacrificed. The AG along with the posterior vas deferens were dissected out under a Trinocular stereo zoom microscope and fixed in Bouin's fluid. The tissues were dehydrated in ethanol series, cleared in xylene and embedded in paraffin wax. Sections of 5 µm thickness were cut using a rotary microtome and stained with haematoxylineosin. The histological features were examined and photographed with a Leica DM 500 Research Microscope equipped with a DG 330/210 camera, using Biowizard software. The diameter of AG cells and their nuclei were measured using Biowizard software. The number of cells belonging to each cell type was counted in seven visual fields to determine the major cell type in the AG of control and experimental crabs during active, inactive and revival phases. From each field 60 cells were counted, totaling 420 cells per specimen.
Results
The gland was found active from March to June (active phase) and entered a period of rest extending from August to December (inactive phase). The activities of the gland were found revived during January-February (revival phase).
Histology of androgenic gland of control crabs during active phase (March-June)
The AG appeared as a thin, elongated thread-like structure attached firmly on the wall of the PVD, enveloped by a layer of connective tissue (20.23±1.90 µm) ( Figure 1A ). The gland measured 244.40±56.35 µm in width. Based on cell size, relative proportion of nuclei and presence or absence of vacuoles, three cell types could be distinguished in the gland: type I, type II and type III.
Type I cells: Small, oval, compactly arranged cells (6.0-12.4 µm) with relatively large (3.6-7.3 µm) and mildly basophilic cytoplasm ( Figure 1B ). These cells had distinct cell boundaries and nuclear membranes. Their nuclei appeared highly basophilic, placed mostly in the centre, but peripheral arrangement was also observed. Small, round and highly basophilic nucleoli (1-3) were seen arranged centrally or peripherally, close to the nuclear membrane. The granular chromatin was seen homogenously distributed in the nucleoplasm. The nucleoprotoplasmic ratio (NPR) of type I cells was very high (0.47-0.84).
Type II cells: Polygonal cells (12.8-23.5 µm), formed the major cell type in the AG of control crabs during the active phase ( Figure  1C ). Their nuclei (2.4-6.2 µm) were round or oval, peripherally or centrally located with distinct nuclear membranes. The NPR was recorded in the range 0.17-0.40, lesser than that of type I cells. Chromatin was moderately basophilic and showed a granular appearance. Nucleoli (1-3) appeared small, round, highly basophilic with a central or peripheral location. Type II cells enclosed more amount of moderately basophilic cytoplasm than type I cells.
Type III cells: Large cells (10.8-18.5 µm) with distinct cell and nuclear membranes. Less in number compared to the other two cell types and was found only during the active phase ( Figure 1D ). Their nuclei were elongated, measuring 2.60-3.90 µm in diameter with condensed chromatin. The cytoplasm of these cells appeared transparent and vacuolated. The NPR was found very low (0.14-0.28). All the three cell types were perceptible in AG of control crabs during active phase. The cells were compact with sharp boundaries and without intercellular spaces. Type II cells were the most dominant cell type (65.40±3.84%); type I and type III cells constituted 22.60 ± 2.70% and 12.00 ± 1.58% of the cell population, respectively (Figure 2) . 
Effect of unilateral and bilateral eyestalk ablation on histology of androgenic gland during active phase
The structure of AG in unilateral eyestalk ablated males was not different from the intact controls and displayed histological features as described for controls. No significant change was noticed in the thickness of the connective tissue layer (20.75±2.11 µm) or gland width (267.0±54.39 µm) (Figure 3) . Proportion of the cell types was comparable to that of controls (type I 27.8±2.38%; type II 61.40±4.21% and type III 10.80±3.19%) (Figure 2) .
The results of bilateral eyestalk ablation during active phase revealed hypertrophy and hyperplasia of the gland. The gland was seen attached firmly on the wall of the PVD and reached its maximum size (396.96±70.61 µm). The gland appeared as an elongated structure with compactly packed cells, covered externally by a distinct connective tissue layer (23.05±2.71 µm). The component cells had dense granular cytoplasm and their size along with the diameter of nuclei increased significantly. Cells were larger with hypertrophied cytoplasm in the AG of bilaterally ablated crabs. All the three cell types were perceptible within the gland. The cells were compact with sharp boundaries and tightly packed without intercellular spaces. The number of type I cells in the bilateral ablated group had increased significantly (58.60±4.21%). The percentage of type II and type III cells was correspondingly less, being 32.80±4.54% and 8.60±2.40% (Figure 2) .
In bilaterally ablated crabs, the gland appeared highly active, elongated and firmly attached to the PVD. Type I cell proliferation was largely observed when compared to AG of -E1 and control crabs. Type I cells (6.7-13.9 μm) were oval in shape with distinct cell boundaries ( Figure  4 ). Their nuclei (4.0-8.1 μm) were round, mildly basophilic with granular chromatin and occupied a central position. The cytoplasm appeared moderately basophilic and granular in nature. In some type I cells, nuclei showed high basophilia.
Type II cells (13.8-26.2 μm) were oval in shape and exhibited large amounts of cytoplasm compared to type I cells. Their nuclei (2.9-7.2 μm) were round or oval and eccentric in position. The cytoplasm demonstrated mild basophilia and found granular in nature. In some portions of the gland, type II cells were arranged in lobes. The cells within these lobes showed indistinct cell boundaries. Their oval, moderately basophilic nuclei were seen scattered inside the lobes.
Type III cells (11.0-19.0 μm) were less prominently seen than the other two cell types (8.60±2.40%) (Figure 2 ). There was not much difference in the histological features of type III of -E2 crabs from that of unablated controls. 
Histology of androgenic gland of control crabs during revival phase (January-February)
After a long period of inactivity, the activity of the gland was found revived in January-February with proliferation of type I cells ( Figure 5) . A gradual increase in the thickness of the connective tissue layer (14.14±0.63 µm) and width of the gland (209.50±14.40 µm) indicated signs of recuperation. The AG was discerned with a few patches of proliferated type I cells scattered among vacuoles and degenerating cells. Type II and III cells were seldom found. Except the small patches of type I cells in some areas, the rest of the gland exhibited signs of degeneration. Cells with indistinct boundaries and degenerated areas were still evident. Many type I cells were observed with intact boundaries. Type II cells with sharp boundaries were hardly perceptible.
Effect of unilateral and bilateral eyestalk ablation on histology of androgenic gland during revival phase
There was not much significant change in the morphology and histology of AG of unilaterally ablated crabs from that of controls during the revival phase ( Figure  6 ). The gland appeared elongated and firmly attached to the PVD. The gland measured 211.66± 2.14 μm wide and the connective tissue layer showed a thickness of 14.53±0.71 μm. The gland was seen composed of many patches of polygonal or oval type I cells with distinct cell boundaries. 
Discussion
In the current investigation, bilateral eyestalk ablation induced hypertrophy and hyperplasia of the AG during the active phase as evidenced by increase in width of the gland, thickness of the connective tissue layer, increase in cell and nuclear diameter with predominance of type I cells. Comparable results were obtained by Demeusy (1960) in C. maenas where removal of eyestalks led to hypertrophy of the AG, signified by ultrastructural features related to hyperactivity. Removal of eyestalks caused hypertrophy and hyperplasia of the gland in the crabs Scylla serrata, R. harrisii, C. sapidus and the shrimp Lysmata seticaudata (Rangnekar et al., 1971; Payen et al., 1971; Touir, 1973) . Foulks and Hoffman (1974) observed that destalking led to AG hypertrophy in P. platyceros. The structure of AG in P. hardwickii on bilateral ablation showed higher activity with hypertrophy and hyperplasia (Kulkarni et al., 1984) .
Bilateral destalkation in P. hydrodromous resulted in increased length and width of the AG and number of strands constituting the gland, attained a puffy appearance (Adiyodi, 1984) . Increased cell and nuclear diameters of the AG was described in -E2 M. lamerrii 15 days post-operation (Sarojini and Gyananath, 1985) . Awari and Kiran (1999) observed hypertrophy of AG in eyestalk ablated M. rosenbergii compared to intact individuals. Activation of AG has been Padmanabhan and Raghavan Braz. J. Biol. Sci., 2016, v. 3, no. 5, p. 121-134.
reported in destalked shrimps P. canaliculatus (Choy, 1987) and N. denticulata (Taketomi et al., 1997) . Bilateral extirpation documented hypertrophy supported by increased size and weight of the AG followed by overexpression of polypeptides in C. quadricarinatus (Khalaila et al., 2002) . Kim et al. (2002) recorded that the AG cells from bilateral eyestalk ablated M. nipponense during the reproductively active phase showed highly hypertrophied nuclei, rough endoplasmic reticulum and mitochondria.
Okumura et al. (2005) documented larger AG cells with hypertrophied cytoplasm in bilaterally destalked P. hypsinotus. Sroyraya et al. (2010) observed that the AG of bilateral eyestalk ablated P. pelagicus underwent hypertrophy with a two-fold increase in the percentage of type I cells compared to the unablated controls. Phoungpetchara et al. (2011) observed AG hypertrophy with proliferation and predominance of type I cells in M. rosenbergii subjected to bilateral eyestalk ablation. Vázquez-Islas et al. (2015) recorded a significant rise in the mean cell and nuclear diameters of AG in -E2 intermoult L. vannamei. Hypertrophied AG were also described in eyestalk ablated isopods by Legrand et al. (1968) and Reidenbach (1971) . However, in P. kessleri (Aoto and Nishida, 1956) , P. borealis (Carlisle, 1959) and L. seticaudata (Charniaux-Cotton, 1960) , bilateral eyestalk ablation has not shown any effect on AG activity and spermatogenesis. Studies conducted by Charniaux-Cotton (1965) also revealed that the disappearance of AG was not under the control of eyestalk hormones.
In T. schirnerae, unilateral eyestalk ablation during active phase neither caused hypertrophy nor hyperplasia of the gland cells. Revathi et al. (2013) recorded increased number of epithelial cells along with the connective tissue and AG weight in unilaterally eyestalk ablated M. rosenbergii. However, Kim et al. (2002) reported that the AG cells of unilaterally destalked M. nipponense were quite similar to those of unablated controls. Okumura et al. (2005) have not observed any histological variations in the AG cells of unilaterally ablated P. hypsinotus. Sroyraya et al. (2010) reported that the AG in unilateral ablated male P. pelagicus was not different from the intact and exhibited histological features as described for controls.
Several authors suggested that the AG is under the control of an inhibitory neuropeptide -GIH, secreted from the XO-SG complex of the eyestalks. Demeusy (1953) and Demeusy and Veillet (1958) have observed that secretory activity of the AG is directly regulated by the influence of GIH in C. maenas. Similar observations were recorded by Hoffman (1968) in P. platyceros. Investigations of Kulkarni et al. (1984) suggested that eyestalk hormones have an inhibitory influence on secretory activity of the AG P. hardwickii. Studies of Phoungpetchara et al. (2011) suggested that sinus glands in the eyestalk had some factors that inhibit the activity of the AG, GIH being the most important one. In vitro investigations showed direct inhibition of the AG by sinus gland extracts in C. quadricarinatus (Khalaila et al., 2002) . Observations of Sarojini and Gyananath (1985) revealed that inhibitory gonadotropins produced from the neurosecretory complex of the eyestalks inhibited testis development and AG activity in M. lamerrii. In P. hydrodromous, Gupta et al. (1989) documented that the inactive phase of the testis is due to increased haemolymph titre of GIH with simultaneous decrease in titres of AGH and gonad stimulating hormone (GSH). Taketomi et al. (1996) and Khalaila et al. (1999) have reported that the onset of spermatogenic processes in the testis is reliant on activities of the androgenic gland.
The importance of secretions from the protocerebrum in the functioning of AG was studied in several crustaceans (Juchault, 1977; Touir, 1977b; Juchault and Legrand, 1978) . In isopods, hyperactivity of the gland and precocious differentiation of adult external sexual characters have been noted on removal of various regions of the protocerebrum with or without optic lobectomy Reidenbach, 1966) . Brain and thoracic ganglia extracts enhanced the spermatogenic activity and corresponding increase in AG activity in M. lamerrii (Sarojini and Gyananath, 1985) . A stimulatory gonadotropin released from the protocerebrum was reported in the amphipod Orchestia gammarella (BerreurBounenfant, 1967) and P. hydrodromous (Adiyodi and Adiyodi, 1974) . Investigations of Kulkarni et al. (1984) suggested that brain and thoracic ganglia hormones have stimulatory influence on the secretory activity of the AG. Ye et al. (2006) observed that co-incubation of brain or thoracic ganglia with AG resulted in significantly enlarged diameter of AG cells, indicating the role of GSH in the development and secretory activity of AG in S. serrata.
In T. schirnerae, unilateral ablation was not effective in inducing hypertrophy and hyperplasia of the AG during the active phase, probably because the unilateral eyestalk ablated crabs may still receive the inhibitory control from the remaining intact eyestalk, causing the AG to remain analogous to that of the unablated control crabs. Our research is in agreement with the findings of Okumura et al. (2005) in P. hypsinotus and Sroyraya et al. (2010) in P. pelagicus subjected to unilateral destalkation. In bilaterally eyestalk ablated crabs, this inhibition is completely cut off resulting in hypertrophy and hyperplasia.
In the present investigation, bilateral destalkation induced hypertrophy and hyperplasia was not followed by secretory activity of the gland during the active phase; which possibly suggests the non-functional nature of hypertrophy and hyperplasia of the AG. Likewise, hypertrophy of the gland under eyestalk removal is apparently of the non-functional type in P. borealis (Charniaux-Cotton, 1967) . Adiyodi (1984) reported that AG hypertrophy was not accompanied by any visible hypersecretory activity from 20 to 30 days after destalkation in adult P. hydrodromous. On the other hand, ultrastructural observations in hypertrophied AG in optic lobectomized C. maenas seemed to contradict the view that in such forms hypertrophy is a consequence of hypersecretion (Meusy, 1965) . The bilateral destalkation induced hypertrophy and hyperplasia of AG in T. schirnerae may be a consequence of cells synthesizing proteins for their own use and not for secretion. In destalked C. maenas, Meusy (1965) reported that only the growth of AG and not the secretory activity was permanently stimulated. Hypersecretion not accompanied by hypertrophy has been reported in the isopod Idotea deprived of optic lobes and median protocerebrum (Reidenbach, 1966) .
In conclusion, bilateral eyestalk ablation of T. schirnerae during active phase of the androgenic gland induced hypertrophy and hyperplasia as evidenced by increased width of the gland, thickness of the connective tissue layer, increase in cell and nuclear diameter with predominance of type I cells. Unilateral destalkation during active phase neither caused hypertrophy nor hyperplasia of the gland cells probably because the inhibitory principle from the remaining intact eyestalk allowed the gland to remain analogous to that of the unablated controls. During revival phase, the most prominent feature of the gland of bilaterally ablated crabs was the extensive proliferation of type I cells. Unilateral destalkation did not induce much significant change in the morphology and histology of the gland during revival phase.
